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Abstract  
 
Many birds rely on arthropods, especially caterpillars, to feed their young during the breeding season. The 
availability of arthropods as a food resource is important for avian success. Although there are many 
studies of relationships between particular species of arthropods and their host plants, there are few 
characterizing the controls on arthropod density as a broad taxonomic group. I tested for top-down control 
by bird predation and bottom-up control by tree species on arthropod density in two regions, The North 
Carolina Piedmont and the Southern Appalachian Mountains. To test the top-down effect of birds on 
arthropod density, I compared densities between tree branches that were or were not exposed to bird 
predation. There was evidence of avian suppression of density for both arthropod orders commonly eaten 
by birds and for caterpillars in the Piedmont, but not in the Appalachians. I tested whether tree species has 
a bottom-up effect on arthropod density by calculating average arthropod densities for common tree 
species in both regions. I found a bottom-up effect of tree species on overall arthropod density, with 
certain regionally abundant tree species having significantly greater arthropod densities than others. I also 
compiled caterpillar density data from the literature and used this, alongside caterpillar density data 
presented here, as the dependent variable in variance partitioning analyses assessing the role of region, 
climate (temperature and precipitation), and tree species in predicting caterpillar density across five 
regions. Tree species explained more variance than climate. Climate variables included did not explain as 
much variance as region, suggesting there are additional environmental variables that affect caterpillar 
density. These findings could help predict where arthropods will be abundant or scarce, and thereby 





As land-use change and climate change increasingly alter existing ecosystems, many migratory bird 
species are grappling with decreases in availability of habitat and resources. These challenges, coupled 
with potential for phenological mismatch with key food resources as a result of climate change, have been 
linked to declines in population size for numerous bird species (Saino et al. 2011). Many birds rely 
primarily on insects and other arthropods gleaned from the foliage during the breeding season because 
they are such a high quality food source and are efficient for feeding quickly growing nestlings. Increased 
availability of caterpillars (an especially high-quality food) has been linked to increased nestling survival 
(e.g. Naef-Daenzer et al. 2000), while increasing availability of other orders, including Coleoptera and 
Orthoptera, has been suggested as a method of improving nestling survival (Jiguet 2002). Limiting food 
abundance has been shown to decrease annual productivity of breeding pairs in at least one species of 
insectivorous bird (Rodenhouse and Holmes 1992), and this sort of trend could lead to an overall decrease 
in population size.  Additionally, timing of breeding has been linked to peaks in caterpillar abundance in 
some species (Visser et al. 2006). Given the critical role of arthropods in nestling diets, elucidating the 
factors that determine how arthropod density varies in space and time is important for conservation 
purposes. Although there are many studies on relationships between particular species of arthropods and 
their host plants, there are few characterizing the controls on arthropod density as a whole, and none in 
the deciduous forests of the southeast United States. 
There are two basic trophic controls on foliage arthropod density — top-down controls, which 
result from predation, and bottom-up controls, which result from food availability and food quality. The 
top-down control of greatest interest here is avian predation, as a knowledge of the composition and sheer 
volume of avian diets is useful for understanding the overall requirements of birds in a particular area. 
Bottom-up controls of interest include the effect of tree species and climate, as these, coupled with top-
down controls, may help predict variation in arthropod densities from place to place. This information 
would be useful in understanding how food availability for insectivorous birds varies with region. 
In past studies on the effects of avian top-down trophic control, experimentally excluding birds 
from an area has been found to increase arthropod and caterpillar densities in that area, suggesting that 
predation by insectivorous birds suppresses arthropod and caterpillar densities (Mols and Visser 2002; 
Van Bael et al. 2008; Singer et al. 2012). The size of the effect of bird predation on arthropod density is 
variable, and can be impacted by factors including tree species of the host plant (Singer et al. 2012) and 
density and species richness of insectivorous birds (Van Bael et al. 2008). One method for evaluating the 
top-down trophic controls of avian predators on arthropod communities is the experimental exclusion of 
birds from plants where arthropods are found (Singer et al. 2012; Mooney and Linhart 2006). Singer et al. 
found a significant effect size of avian predation on plant species with high arthropod densities in forested 
sites in central Connecticut; I want to see if these findings hold true in the deciduous forests of the 
southeast United States. 
Bottom-up controls of tree species on arthropod density are less well-documented, but there is 
evidence that nutritional composition of the host plant affects both its caterpillar density and size of 
caterpillars reared on it (Singer et al. 2012). Some tree species may support greater densities of arthropods 
as a result of greater concentrations of leaf nitrogen (Denno et al. 2002; Lightfoot and Whitford 1987) or 
because they have less rigorous chemical defenses. While chemical defenses have been investigated with 
respect to foliage arthropod community composition (e.g. Strong et al. 1984), there is little research on its 
effects on arthropod abundance as a broad taxonomic group, or on those arthropods of interest to birds.  
In order to understand which locations support the most arthropods for bird consumption, it is 
necessary to investigate how bottom up-controls vary spatially, and the relative importance of climate 
variables versus tree species in explaining variation in arthropod densities. Both these factors undoubtedly 
contribute to variation in arthropod density; however, climate may explain variation at a broader scale or 
narrow elevational gradients, while tree species may explain variation in arthropod density within a site 
that cannot be explained by climate. There is limited research concerning how climate variables affect 
density of the particular foliage arthropods of interest to birds, but temperature gradients (Ghosh-Harihar 
2013) and precipitation gradients (Progar and Schowalter 2002) have both been correlated with 
differences in assemblage of foliage arthropod communities, and may have an effect on arthropod density 
as well. Temperature might affect arthropod density directly; almost all insects and foliage arthropods are 
ectothermic, so they would not be as active and as likely to be observed on surveys if it is cold, and may 
not survive as well in cooler places, leading to lower densities. Precipitation might affect arthropod 
density indirectly through its impact on plant community composition (Gentry 1988) and plant nutritional 
quality (Olff et al. 2002). 
In this study, I address the following questions: 1) to what extent does arthropod density vary as a 
function of top-down and bottom-up factors? 2) What is the relative importance of climate versus tree 
species in driving regional bottom-up effects? Based on findings of previous studies in other regions, I 
hypothesize that there will be a top-down effect of avian suppression in the deciduous forests of the 
southeast United States examined here. Furthermore, I hypothesize that arthropod and caterpillar density 
will vary with tree species in the southeast, and that temperature and precipitation will explain most of the 
variation in arthropod density explained by region. By examining top-down and bottom-up controls in 
addition to variation in space, I hope to contribute to a better understanding of the predictors of arthropod 
density and caterpillar density, which will in turn lead to an improved ability to predict types of sites that 




To address these questions, three sets of analyses were conducted. To assess the top-down effect of birds 
on arthropod density and herbivory, birds were experimentally excluded from some trees and allowed 
access to controls of the same species and location in the North Carolina Piedmont. Arthropod density 
was measured on both exclosure and control trees. This experiment was compared to a similar bird 
exclosure experiment previously conducted in the Southern Appalachian Mountains (Hurlbert Lab 
unpublished). Arthropod density was measured for both. To assess the bottom-up effect of tree species on 
arthropod density, mean arthropod densities on the nine most common tree species in each region were 
compared. To measure the effect of tree species on caterpillar densities across regions, caterpillar 
densities from the southern Appalachians, mid Appalachians, and the North Carolina Piedmont were 
compared to published densities from central Connecticut (Singer et al. 2012) and New Hampshire 
(Holmes 1997).  
Since the importance of understanding controls on arthropods within this study is for their 
implications for breeding birds, I focus only on those arthropods that are typically consumed by 
insectivorous birds. Arthropods included in analyses here are relatively large (≥5 mm in length), as birds 
prefer large prey (Remmel and Tammaru 2009) and belong to orders that are major components in avian 
diets- Araneae, Auchenorrhyncha, Coleoptera, Heteroptera, Lepidoptera (both caterpillars and adults), 
and Orthoptera - from here on referred to simply as arthropods (unpublished data, Hurlbert lab; Razeng 
and Watson 2015). Additionally, special consideration will be taken for caterpillars, which have 
repeatedly been identified as a highly desirable arthropod for avian consumption (e.g. Naef-Daenzer et al. 




Top-down bird exclusion experiments were conducted in two regions, the North Carolina Piedmont and 
the Southern Appalachians, using similar methodology but in different years. Methods for both regions 
were loosely based on those outlined by Singer et al. (2012).  
 In the North Carolina Piedmont, bird exclusion experiments were conducted at two sites: the 
North Carolina Botanical Garden (Chapel Hill, NC) and Prairie Ridge Ecostation (Raleigh, NC). I 
capitalized on an existing foliage arthropod survey project being conducted at these two sites, and 
selected eight survey trees at the Botanical Garden, and twelve survey trees at Prairie Ridge to serve as 
control trees. Each control tree was paired with an exclosure tree of the same species as the control that 
was nearby (typically within 5 m) (Figure 1). Exclosure trees had mesh nets placed over a branch or an 
entire sapling to keep the birds out for five weeks; controls were left alone. Each pair was surveyed twice; 
once in early May immediately before exclosures were put on, and once in late June, immediately after 
they were taken off. A survey consisted of visually examining a continuous 50-leaf section of the 
designated tree branch, including any associated twigs, identifying any arthropods observed down to 
order, and recording arthropod lengths.  
I additionally analyzed similar foliage arthropod data from paired bird exclosure trees in the 
Southern Appalachians that were collected in the summer of 2012 (Hurlbert Lab unpublished data). 
Surveys were conducted at 19 sites along Breeding Bird Survey (BBS) routes in Tennessee, Georgia, 
North Carolina, and Virginia. At each site, six pairs of exclosure and control trees were evenly spaced in a 
circle with a radius of 125 m around the BBS road (Figure 2). Unlike in the North Carolina Piedmont, the 
control tree was chosen to be the closest tree to the exclosure and was frequently a different species. Each 
site was surveyed twice, approximately four weeks apart, beginning in late May and ending in late June 
(exact dates differed slightly for each site). Surveys were conducted using the same methods as in the 
North Carolina Piedmont, except that arthropods were categorized into a size group (<2 mm, 2-5 mm, 5-
10 mm, 10-20 mm, or >20 mm) rather than being given a length estimation. 
   To control for variables that differed between surveys among sites (i.e. temperature, elevation) 
and even within sites (potential for micro habitats, edge effects of road on closest survey trees), the 
exclosure versus control data were analyzed using paired tests as described below. Analyses were 
conducted slightly differently for the two regions to account for the lack of control of tree species in the 
Southern Appalachian surveys. In the Southern Appalachians, bird predation data was analyzed for a total 
of 82 pairs of trees and 22 different tree species. The change in each arthropod group’s density between 
visits was calculated for both exclosures and controls (Figure 3). The difference in change in density 
between visits for each pair (exclosure – control) was examined using a Mann-Whitney U-test. This non-
parametric test was chosen because many of the surveys conducted had zero arthropods, and thus the 
distribution of densities was non-normal. 
The Mann-Whitney U test was also conducted for the North Carolina Piedmont as described 
above. Additionally, since tree species were the same within pairs in the Piedmont, the baseline density at 
the beginning of the season was theoretically the same between exclosures and controls. Based on this 
assumption, a paired Mann-Whitney U test was also conducted on the raw final densities of and 




In addition to surveys on paired exclosure trees, surveys following the same visual survey protocol were 
conducted on trees common in both the North Carolina Piedmont and the Southern Appalachians with 
greater frequency (two times per week per site from mid-May to the end of July for 2015 and 2016 in the 
North Carolina Piedmont, and four times from mid-May to mid-July from 2010-2012 for the Southern 
Appalachians), and on a greater number of survey trees. To assess the bottom-up control of tree species 
on arthropod density, mean arthropod density per survey was multiplied by the average leaf area of the 
survey tree species, then divided by a standardized leaf area to get a normalized number of arthropods 
seen per unit leaf area. Average leaf areas were calculated for each species from photographs using 
ImageJ (Rasband 1997-2016). Tukey HSD tests were conducted to compare the log-transformed 
normalized arthropod and caterpillar densities across the nine most common tree species in both regions. 
The Tukey HSD test created categories of the trees that had statistically different arthropod and caterpillar 




In addition to trophic controls on arthropod density, I wanted to determine the relative importance of tree 
species, region, and climate in predicting caterpillar density. Analysis was restricted to caterpillars greater 
than 10 mm in length to facilitate comparison with two additional regional studies. 
Caterpillar density data was compiled from five regions: (1) the North Carolina Piedmont, (2) the 
mid-Appalachians (a subset of sites in the original Southern Appalachians located in Virginia), (3) the 
Southern Appalachians (a subset of the original Southern Appalachians including all sites south of 
Virginia), (4) Hubbard Brook Experimental Forest in New Hampshire (Holmes 1997), and (5) central 
Connecticut (Singer et al. 2012) (Figure 4). All regions except for Connecticut used the same 50-leaf 
visual survey method outlined above, although frequency of surveys and number of years over which 
surveys occurred varied. Connecticut surveys were conducted on full tree branches, and the number of 
leaves surveyed was recorded, so the average number of caterpillars observed per 50 leaves was 
calculated separately for that region. The Connecticut region had data for three sites at which three 
surveys had been conducted between late May and late June for the years of 2008 and 2009. The New 
Hampshire region had data for four sites which had been surveyed four-six times per year from May to 
July from 1986-1995, excluding 1994 because it was an outlier with an exceptionally high number of 
caterpillars observed.  
Surveys were included for tree species that occurred in at least two regions. Tree species was 
included in a site if it had the equivalent of at least 15 50-leaf surveys on that tree species; average 
caterpillar density of for each tree species within each site was calculated for these surveys. Caterpillar 
densities were normalized by average leaf area of the species. To assess the relative importance of tree 
species and region, a variance partitioning analysis was conducted on the normalized average caterpillar 
densities for each tree species in each region. This variance partitioning included three linear models: a 
single predictor model using region, a single predictor model using tree species, and a model using both 
tree species and region. 
To assess the role of climate within a region in predicting caterpillar density, a variance 
partitioning analysis was conducted on the relative role of climate and tree species. The variance 
partitioning between climate and tree species consisted of three linear models: a single predictor model 
using tree species, a model using climate variables (temperature and precipitation), and a model using 
both tree species and climate. Additionally, to assess the relative importance of precipitation versus 
climate at the site level, two single predictor linear models using precipitation and temperature 
individually to explain caterpillar density were created. Temperature and precipitation normals (from 
1981 to 2010) for each site within each region were obtained at an 800 m resolution using the PRISM 
package in R (Hart and Bell 2015). Because temperature was expected to have a direct effect on arthropod 
density, average summer temperature was used. Average summer temperature for each site was calculated 
by averaging monthly average temperature normals from May to July, the months when surveys were 
conducted. Because precipitation was expected to have an indirect effect on arthropod density via its 
impact on plant community composition and plant nutritional quality, annual precipitation was used. 
Annual precipitation for each site was calculated by summing monthly precipitation normals. Average 
summer temperature and annual precipitation for each region were calculated by averaging the values 






Results concerning the effect of avian predation on both caterpillar and arthropod densities were mixed. 
In the Southern Appalachians, the Mann-Whitney U-test on the difference in arthropod density between 
the first and second visits showed no effect of bird exclusion on either arthropod density (p = 0.26) or on 
caterpillar density (p = 0.58) (Figure 5; Table 1). The same test in the North Carolina Piedmont provided 
weak evidence that arthropod densities were greater on exclosure trees (p = 0.07), but little evidence for 
an effect of exclosures on caterpillar density, though the trend was towards greater caterpillar densities on 
exclosure trees (p = 0.14) (Figure 5; Table1). The paired Mann-Whitney U-test conducted on the raw 
densities of both groups from the visit following exclosure removal provided weak evidence of avian 
suppression on both arthropods (p = 0.07) and caterpillars (p = 0.08) (Figure 6; Table 1). This second test 
was not conducted on the Southern Appalachian trees because it assumes that the baseline density was the 
same for both controls and exclosures, which may not be true since trees were often different species. 
 
Table 1.  Results of Mann-Whitney U-test on mean difference in change over time for both locations 
(Exclosure difference in density – control difference in density) and results of paired Mann-Whitney U-
test on paired final visit densities for exclosure and control trees in the Piedmont. 
Test Food Group Location Z-value p-value 
Mann-Whitney U Arthropods Appalachians -1.14 0.26 
Mann-Whitney U Caterpillars Appalachians -0.55 0.58 
Mann-Whitney U Arthropods Piedmont -1.81 0.07 
Mann-Whitney U Caterpillars Piedmont -1.49 0.14 
Mann-Whitney U 
(paired raw densities) 
Arthropods Piedmont     - 0.07 
Mann-Whitney U 
(paired raw densities) 
Caterpillars Piedmont     - 0.08 
 
Bottom-up Experiment 
Total arthropod and caterpillar densities varied among tree species in both the North Carolina Piedmont 
(p < 2.2e-16 and range of normalized mean density =  2.4-9.7 per survey for arthropods; p = 0.0002 for 
caterpillars and range of normalized mean density = 0.7-4.3) and the Southern Appalachians (p < 2.2e-16 
for both arthropods and caterpillars; range of normalized mean density =  2.4-9.7 for arthropods; range of 
normalized mean density = 1.6-2.6 for caterpillars) (Figure 7). In the North Carolina Piedmont, the three 
species that supported the most arthropods were Chalk Maple (Acer leucoderme), Spicebush (Lindera 
benzoin), and Common Persimmon (Diospyros virginiana), and the species that supported the most 
caterpillars were Chalk Maple, Box Elder (Acer negundo), and Common Persimmon. The species that 
supported the fewest arthropods and caterpillars in the North Carolina Piedmont were Red maple (Acer 
rubrum), Sugar maple (Acer saccharum), and Sweet gum (Liquidambar styraciflua). The species that 
supported the fewest arthropods in the Appalachians were Red maple, Sugar maple, and Striped maple 
(Acer pensylvanicum), and the species that supported the least caterpillars were Witch hazel (Hamamelis 
virginiana), Great rhododendron (Rhododendron maximum), and Striped maple. Mountain Laurel 
(Kalmia latifolia), American beech (Fagus grandifolia), and Black gum (Nyssa sylvatica) supported the 
most arthropods and caterpillars.   
 
Regional Comparisons 
To better understand how availability of food for birds in the breeding season varies in space and what 
best predicts that variation, two variance partitioning analyses were conducted on caterpillar density in the 
five regions of interest. Variance partitioning between region and tree species found that region uniquely 
explained 22.5% of variance, tree species uniquely explained 25.6%, and 33.6% of variance overlapped 
between the two (Table 2), though the evidence for the effect of tree species was somewhat weak (p = 
0.096; Table 2).  A variance partitioning analysis between climate and tree species found that tree species 
was more important than climate, as tree species uniquely explained 42% of variance, climate uniquely 
explained 16%, and together they explained 17% (Table 2). Results of a linear model using precipitation 
to explain variation in caterpillar density at the site level showed no effect of precipitation on caterpillar 
density (p =0.73, R2=0.004), but results of a linear model using temperature showed an effect on 
caterpillar density (p = 4.3e-6, R2=0.5351). 
 
Table 2. Results of variance partitioning analyses, R2 values and p-values for linear models used in the 
variance partitioning analyses between 1) tree species and region and 2) climate and tree species. Note 








1 Region  0.23 0.56 4.9 x  10-10 
1  Tree Species  0.26 0.59 0.096 
1 Region + Tree Species  0.34 0.82 0.00021 
1 None  0.18 - - 
2  Climate (Temp + Precip)  0.16 0.34 3.9 x  10-6 
2 Tree Species  0.42 0.59 0.096 
2 Climate + Tree Species  0.17 0.75 0.0016 
2 None  0.25 - - 
 
Discussion 
This is the first study to attempt to characterize both top-down and bottom-up controls on arthropods that 
breeding insectivorous birds rely on. I found evidence for both top-down and bottom-up effects on 
arthropod density, although top-down effects were not present in all regions. Furthermore, I found that 
climate and tree species both helped to explain variation in caterpillar densities in the North Carolina 




No top-down effect of bird predation was detected on either arthropod group’s density in the Southern 
Appalachians. Weak evidence of a negative effect of bird predation in the North Carolina Piedmont was 
only present for arthropods and caterpillars when a paired Mann-Whitney U-test was conducted using the 
raw data. These results are surprising; given that other studies using similar bird exclusion techniques 
have found significant differences in arthropod density when birds were prevented from preying on 
arthropods versus when they were not (Singer et al. 2012; Van Bael et al. 2007; Mols and Visser 2002), it 
was unexpected that no effect of bird predation would be found in the Southern Appalachians.   
There are two possible explanations for the difference in results between the Southern 
Appalachians and the North Carolina Piedmont: 1) there really is no effect of birds on arthropod density 
in the Appalachians or, 2) an effect exists, but this experiment failed to detect that effect. If there truly is 
no top-down control of bird predation on arthropod and caterpillar density in the Appalachians, one 
potential explanation is that the Appalachians have greater tree species diversity than many other habitats 
(Gilliam et al. 1995), and the wide range of tree species present may make it more challenging for birds to 
develop universally effective foraging strategies when searching for food on many different types of tree 
species.  
 There are a few reasons that the experimental treatment could have failed to detect an effect. It 
has been demonstrated, both in this study and in others, that plant quality has an effect on arthropod 
density (Singer et al. 2012). Since tree species was not controlled for in the Appalachians, the raw data 
could not be analyzed the way it was in the North Carolina Piedmont, and a Mann Whitney U-test was 
conducted only on the difference in change in arthropod density between paired exclosures and controls 
test, and on the raw densities. This transformation is somewhat problematic, as arthropod density data is 
already noisy, and using the transformed data adds noise from the initial survey in addition to the final 
survey. The effect of this noisiness is clear, because when the same test was performed on the North 
Carolina Piedmont transformed data, the p-values were weaker than when the paired Mann Whitney U 
test was conducted on the raw data. With this extra noise, a larger sample size would be necessary to 
detect an effect. Additionally, the Singer et al. (2012) experiment had a three-week gap between the 
initial arthropod surveys and the ending arthropod surveys, while the Southern Appalachians experiment 
had a four-week gap between surveys. Although the paired Mann-Whitney U test conducted on the raw 
arthropod and caterpillar densities in the North Carolina Piedmonts provided only weak evidence of an 
effect of bird exclusion, the sample size was small (20 trees), and it is likely that with a larger sample size 
more conclusive evidence of avian suppression would be observed. 
    Based on the results presented here, the importance of top-down effects may vary regionally. In 
order to more definitively explain results indicating that arthropods do not experience suppression by 
insectivorous birds in the Appalachians but do in the North Carolina Piedmont, further research is 
necessary. Future research should focus on understanding the drivers of these regional differences, which 
can be accomplished by conducting exclosure experiments in different habitats. These experiments should 
control for tree species to reduce noise and ensure that sample size is large within each site. Furthermore, 
the effect of tree species diversity on avian suppression of foliage arthropod density should be 
investigated. Finally, it would be useful to have more frequent surveys of both control and exclosure 
treatments to get a clearer picture of how avian suppression works at different points in the season and 




Arthropod density varied more strongly among tree species in the Southern Appalachians (6 fold) than in 
the North Carolina Piedmont (2 fold). Similarly, caterpillar density varied among tree species more 
strongly in the Southern Appalachians (6 fold) compared to the North Carolina Piedmont (1.5 fold). That 
arthropod density varies with tree species is consistent with the literature (Singer et al. (2012). 
Specifically, Singer et al. found that the relative ranking of caterpillar density from greatest to least was 
1) Red maple, 2) Witch hazel, and 3) American beech. In contrast, in this study American beech had 
qualitatively greater caterpillar densities than Red maple in both regions, but the difference between the 
two species was not significant in either case. 
 Although little research exists on the species of trees that support arthropods that foliage-gleaning 
birds rely on, there are studies on general foliage arthropods that may help explain these results. Tree 
species vary widely in leaf nitrogen concentrations, and trees with greater concentrations support greater 
densities of arthropods (Denno et al. 2002; Lightfoot and Whitford 1987). Leaf nitrogen concentration 
varies with soil quality and precipitation (Cunningham et al. 1999); if leaf nitrogen content in different 
species responds differently to variation in soil quality and precipitation, this could be an explanation for 
the differences in rankings between Singer et al.’s study in central Connecticut and this one.  
Additionally, some species have defensive compounds in their leaves that may make them less desirable 
to arthropods. It is likely that those species that supported greater densities of arthropods and caterpillars 
had greater nitrogen concentrations and/or less aggressive chemical defenses than those that did not. In 
future research, chemical composition of leaves should be tested as arthropod surveys are being 
conducted to assess which chemical factors correlate with a tree species supporting high or low densities 




Both region and tree species played a significant role in predicting caterpillar density at sites within the 
five study regions, though climate did not explain as much variance as region did, and average summer 
temperature explained more variance than annual precipitation. The results of the variance partitioning 
analyses between tree species, region, and climate variables suggest that tree species is a better predictor 
of arthropod density than climate. However, the only climate variables included here are net annual 
precipitation and average summer temperature. Region explained more variance than climate did in the 
second variance partitioning analysis. This suggests that there are environmental and variables that affect 
arthropod density beyond temperature and precipitation that have not been captured here. These could 
include elevation, soil nutrients and soil type, and could also include other temperature elements such as 
annual maxima and minima. Each of these also has the potential to affect the orders and densities of 
arthropods present on each plant. 
 
Conclusion 
In this study, I found that tree species provides a bottom-up control on arthropod density, and both tree 
species and climate variables explain variation in arthropod density at a regional scale. I found some 
evidence suggestive of top-down controls on arthropod density via avian predation, but effects were less 
clear than in a previous study and may vary with region. These results may be important to management. 
They will be useful in predicting where arthropods will be abundant or scarce, and thus the quality of a 
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Figure 1. Map of Prairie Ridge Ecostation (top) and North Carolina Botanical Garden (bottom). Each 
yellow dot represents the location of an exclosure-control pair. Inset shows the orientation of survey trees 
for the larger project that control trees were part of; control-exclosure pairs could be positioned at A, B, 





Figure 2. Example of experimental set-up for a site in the Southern Appalachians. The position of 
exclosure and control treatments is random within a station and different at each site; this is simply an 




Figure 3. Example illustrating the change in arthropod density between the first and second visits using 
an exclosure pair from a site in the Southern Appalachians (BBS route 8890236). Exclosure treatment is 
in red and control is in blue. For this example, change in arthropod density for the exclosure is 3 
arthropods, and change in arthropod density for the control is 0 arthropods. Thus, the difference between 
change in exclosure density and change in control density for this pair is 3 arthropods. Mann-Whitney U-
tests were conducted on these values. 
 
Figure 4. Sites within each of the five regions included in variance partitioning analyses. Region is 
denoted by color and shape of the marker at each site. 
  
 
Figure 5. Difference in change in arthropod density (exclosure change in density minus control change in 
density) between the initial and final surveys for arthropods (A, C) and caterpillars (B, D) in the Southern 
Appalachians and the North Carolina Piedmont. A positive value shows that the exclosure had a greater 
positive change in density than the control, and a negative value shows that the control had a greater 
positive change in density than the exclosure.  
 
 
Figure 6. Effects of avian predation on arthropods and caterpillars in the Southern Appalachians (A-D) 
and the North Carolina Piedmont (E-H). Values shown are the raw densities on the final surveys after the 
exclosures were removed. A paired Mann-Whitney U-test was conducted on these values for trees in the 
Piedmont, but raw data from the Appalachians are also presented for comparison. 
 
 
Figure 7. The means of log-transformed arthropod density per survey, normalized by average leaf area of 
the tree species on the nine most common tree species surveyed in the Southern Appalachians and the 
North Carolina Piedmont. Letters and colors denote the results of a Tukey-HSD test, which illustrates 






Figure 8. Results of variance partitioning between tree species and region. Numbers represent the unique 





Figure 9. Results of variance partitioning between tree species and climate. Numbers represent 
the unique variance explained by climate, tree species, and variance explained by both (see Table 
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